We constructed and analyzed six serial analysis of gene expression (SAGE) libraries to identify genes with previously uncharacterized roles in spleen or thymus development. A total of 625 070 tags were sequenced from the three spleen (embryonic day (E)15.5, E16.5 and adult) and three thymus (E15.5, E18.5 and adult) libraries. These tags corresponded to 83 182 tag types, which mapped unambiguously to 36 133 different genes. Genes over-represented in these libraries, compared to 115 mouse SAGE libraries (www.mouseatlas.org), included genes of known and unknown immunological or developmental relevance. The expression profiles of 11 genes with unknown roles in spleen and thymus development were validated using reverse transcription-qPCR. We further characterized the expression of one of these candidates, RIKEN cDNA 9230105E10 that encodes a murine homolog of Trim5a, in numerous adult tissues and immune cell types. In addition, we demonstrate that transcript levels are upregulated in response to TLR stimulation of plasmacytoid dendritic cells and macrophages. This work provides the first evidence of regulated and cell type-specific expression of this gene. In addition, these observations suggest that the SAGE libraries provide an important resource for further investigations into the molecular mechanisms regulating spleen and thymus organogenesis, as well as the development of immunological competence.
Introduction
Comparatively little is known about the molecular mechanisms regulating the development of the spleen and thymus. Considerably more attention has been focused on elucidating the mechanisms regulating lymphoid cell development and function, although it is likely that many genes critical to these processes remain to be discovered.
Development of the mouse spleen begins just before embryonic day 11.5 (E11.5) with condensation of the mesenchyme underlying the dorsal mesogastrium epithelium. 1 The genetic mechanisms underlying the generation of these initial splenic precursors are essentially unknown. By E11.5, the expression of several transcription factors essential to spleen organogenesis including Hox11, Nkx2.5, capsulin/Pod-1, Wt1 and Bapx1 can be detected. [1] [2] [3] The molecular hierarchy regulating expression of these transcription factors, and the pathways they function within, are only beginning to be established. 1, 4 By E13.5, the splenic primordium is visible as a ridge of cells on the dorsal stomach. A normally developing spleen can no longer be seen at this time in Hox11 À/À , capsulin À/À and Bapx1 À/À mice, [1] [2] [3] 5 confirming the critical role of these transcription factors in spleen organogenesis. The first hematopoietic cells begin to appear in the spleen anlage, and between E13.5 and approximately E16.5, the spleen is a site of hematopoiesis in the fetus. Shortly after E16.5 hematopoiesis migrates to the bone marrow and lymphoid precursors begin to infiltrate the spleen. Thereafter, the final organization of the spleen is established with the formation of the white pulp, containing B-cell follicles, T cells as well as lymphocytes and antigen-presenting dendritic cells (DCs) in the marginal zone, and the red pulp, which is composed of a complex system of blood vessels that allow the removal of old or damaged red blood cells. 6, 7 Thymus development begins as early as E10.5 with the proliferation of cells in the posterior part of the third pharyngeal pouch. 8, 9 Subsequently, thymic precursor cells migrate and fuse at the midline. Interactions between the thymic epithelium and the surrounding neural crest-derived mesenchyme play a key role in expansion of thymic precursors. 9, 10 Several studies have highlighted the importance of transcription factors such as Foxn1, Hoxa3, Pax1 and Pax9 in early thymus development. 8, 9, [11] [12] [13] [14] [15] [16] [17] These studies point to a hierarchy of transcription factor expression, with Foxn1 and Hoxa3 playing a role in early thymic development and Pax9 and Pax1 becoming involved subsequently. 8, 9 At roughly the same time that Foxn1 expression becomes critical to thymic development (E11.5), hematopoietic precursors begin to invade the thymic primordium. Interestingly, Foxn1 À/À mice lack expression of the chemokines TECK and SDF-1, suggesting that these molecules are targets of Foxn1 and that they are critical in attracting prothymocytes to the thymus. 8 At E11.5, the thymic epithelium is not fully differentiated and is unable to support T-cell development. By E14.5, concomitant with maturation of the thymic epithelium, T-cell precursors become fully committed to the T-cell lineage at least in part via the Notch signaling pathway. [18] [19] [20] [21] [22] [23] Thymocyte interactions with the thymic epithelium and mesenchyme are critical to the proper development of both the thymus and the thymocytes. Lineage-committed T cells drive the establishment of the appropriate architecture of cortical thymic epithelial cells. Subsequently, the final maturation of T cells induces the expansion and organization of medullary thymic epithelial cells.
Serial analysis of gene expression (SAGE) analysis, like microarrays, provides a quantitative analysis of gene expression profiles. However, it has the additional advantage that it permits the identification of novel transcripts, which has been improved by the development of a LongSAGE protocol, which generates 21 mers that enhances the efficiency and confidence of tag-togene mapping. SAGE also has the added benefit that the data are digital and thus easily shared among investigators and compared across different experiments and tissues. 24, 25 The analysis of expression patterns associated with different stages of spleen and thymus development is expected to further facilitate our understanding of the genetic cascade required for their development. In addition, such studies are likely to provide insights into the numerous transcription factors, cell surface proteins and signaling pathway components involved in the maturation and function of lymphocytes. We thus created six SAGE libraries representing critical stages of spleen (E15.5 and E16.5) and thymus (E15.5 and E18.5) development, as well as libraries from the corresponding adult tissues. Here, we describe the analyses of these libraries focusing on the identification of transcription factors, signaling pathway members and uncharacterized genes. We next validated the expression of seven transcription factors and four uncharacterized genes with unknown roles in spleen/thymus/lymphocyte development or function. The expression of one of the candidate uncharacterized genes, a mouse homolog of the primate Trim5a HIV-1 restriction factor, was further assessed in numerous adult tissues as well as various immune cell types including macrophages, DCs and various T-cell populations. Our results demonstrate regulated expression of this transcript in macrophages and Flt-3L-derived DC populations in response to TLR stimulation. The libraries created and described herein provide a unique and valuable resource for the identification of developmentally and immunologically relevant transcripts in the spleen and thymus. Moreover, we provide the first evidence that expression of an immunologically relevant transcript identified in these libraries is differentially regulated.
Results
Overview of the libraries A total of 625 070 tags were sequenced to generate the six LongSAGE spleen and thymus libraries (available at www.mouseatlas.org or http://cgap.nci.nih.gov/SAGE). These include three spleen libraries from: E15.5 when the spleen is predominantly erythropoietic, E16.5 when lymphocytes begin to appear in this tissue and adult (84 days post-natal (dpn)) when the spleen is fully mature and functional. Similarly, we generated three thymus libraries from: E15.5 when a mature thymic epithelium is present and T-cell precursors become fully committed, E18.5 when mature T cells are first established and from 84 dpn when the thymus is fully mature and functional. A summary of the libraries is shown in Table 1 .
Analysis of these libraries revealed expression of 83 182 different tag types after stringent quality selection: 47 727 in the spleen libraries (58% unique to the spleen libraries as compared to the thymus libraries) and 55 282 in the thymus libraries (64% unique). Of these tags, 45% (37 202) mapped to known transcripts using the Refseq, MGC and Ensembl transcript databases, 23% (19 214 ) to known genes using the Ensembl genes database, 12% (9626) to the genome using the Golden path database and 0.1% (100) to the mitochondrial genome or to noncoding genes using the Genebank database. The remaining 20% (17 040) of the tags could not be mapped using any of these databases. Eighty-nine percent (15 166) of these unmapped tags were found at a single count, implying that many may have been generated by sequencing, PCR, Refers to tag number after removal of replicate ditags and after filtering for tag quality (using a 95% cutoff). Identification of signaling pathway components, transcription factors and novel genes over-represented in the spleen and thymus libraries Transcripts that are significantly over-represented in a tissue are more likely to play a significant role in that tissue and thus make interesting candidates for further analysis. To identify such genes/transcripts, we first identified tags over-represented (Pp0.05 using AudicClaverie statistics 33 ) in the spleen and thymus libraries compared with 115 other available Mouse Atlas Long-SAGE libraries. This revealed 1857 over-represented tags in the spleen and 2814 in the thymus. We then used these tags to identify signaling pathway genes, as described above, over-represented in the spleen or thymus libraries. As expected, we found numerous members of the Jak-STAT pathway over-represented in both the spleen and thymus libraries, including Stat1 (with two different tags on both lists) and Stat4 (Supplementary Table 1 ). Components of the Notch (Hes6), MAPK (Mapk1, Map4k1) and the noncanonical Wnt/Ca 2 þ (Nfatc1, Nfatc3) pathways were also present. Of these, Stat5B and Hes6 were found to be over-represented in the thymus libraries as compared to the spleen libraries, whereas Jak1 and Frzd were found over-represented in the spleen libraries when compared to the thymus libraries.
Forty-four transcriptional regulators were identified as being over-represented in the spleen libraries as compared to our meta-library (a pool of the 115 libraries discussed above) (Supplementary Table 2 ). The transcriptional regulators identified with the highest significance factor (the mean count in the libraries of interest multiplied by the mean ratio determined in those libraries versus all libraries) included Tcf21 (Capsulin), 1 Pax-5 that plays a key role in B-cell development, 34 FoxP1 that is associated with poor outcome in patients with diffuse large B-cell lymphomas 35, 36 and Nkx2.3 that, when disrupted, produces mice with architectural defects in their spleens, as well as defects in B-and T-cell maturation. 37 Interestingly, several transcription factors with uncharacterized roles in immune cell or spleen development and function were also very highly ranked using this method, including Deaf1 that plays a role in neural tube closure and skeletal patterning, 38 the metal responsive transcription factor Mtf2 that is related to Mtf1, which has been shown to be involved in regulating lymphocyte cell numbers in the hematopoietic system, 39 and Nr2f2 (COUP-TFII) that plays important roles in regulating glucose homeostasis 40 and in repressing Notch signaling. 41 Seventy-five transcriptional regulators were identified as over-represented in the thymus libraries as compared to our meta-library (Supplementary Table 2 47, 48 that all have important roles in T-cell development, as well as Foxn1 (nude) that is critical for thymus development. 11, 12, 49 Several transcription factors with uncharacterized roles in the thymus were also present, including the metal response element binding transcription factor Mtf2 (discussed above), Dmrt2 that was thought to be specifically expressed in somites and thus involved in somitogenesis 50, 51 and Tead3 that regulates the cardiac Troponin T promoter. 52 Eighty-one and 128 tags from the spleen/meta-library or thymus/meta-library comparisons, respectively, mapped to Riken transcripts or to other uncharacterized genes (data not shown). Of these, several had a high degree of specificity (mean ratio 45) and a significant count level (47) , and thus make interesting candidates for functional studies to determine their roles in spleen, thymus and immune cell development/function.
Identification of signaling pathway components, transcription factors and novel genes over-represented in the developmental spleen and thymus libraries To further identify signaling pathway components, transcription factors and uncharacterized genes that play significant roles in the development of the spleen, thymus and/or immune cells, we identified tags overrepresented in the embryonic spleen and thymus libraries in comparison to the adult spleen and thymus libraries, respectively. In the spleen, we identified 712 tags over-represented in the two developmental libraries (Pp0.05 using Audic-Claverie statistics 33 ). Included in this list were representatives of the MAPK (Raf1), Notch (Notch4), TGF-b (Smad5, Tgfb1) and Wnt (Ctnnb1) signaling pathways (Supplementary Table 3 ). Twenty-five of the tags expressed at higher levels in the developing spleen unambiguously mapped to transcription regulators using GO analysis. This list included Pbx1, 53 Tcf21 (capsulin) 1 and Fus (Pigpen), 53 which have been shown to Table 4 ). As observed in the spleen, many of these had extremely high significance factors including 2010001M09Rik protein (129.7), hypothetical protein LOC66167 (98.9) and RIKEN cDNA D930015E06 (94.6).
Validation of transcription factor and uncharacterized gene expression by RT-qPCR
Reverse transcription (RT)-qPCR was used to confirm, for selected candidates, the expression patterns suggested by our SAGE analysis. Seven transcription factors and four uncharacterized genes were selected to: (A) validate the expression of interesting transcripts that have not been implicated in spleen or thymus development, particularly transcriptional regulators with low count numbers and (B) ensure that a wide range of expression profiles were included (Table 3) .
In general, the two techniques provided similar results. For example, tags for Tbx6 were only detected in the two adult libraries (at a count of one in the adult spleen and two in the adult thymus) and the RT-qPCR results (Figure 1 ) confirmed this. The expression patterns observed in the SAGE libraries for Scml4, Dmrt2 and Sp100 were also confirmed. Klhl6 was found at a relatively constant level in all libraries by both techniques. Since Zfp7 and Trim34 were detected at a single count only in the adult spleen and E18.5 thymus libraries, respectively, it was not possible to determine if there were statistical differences in their expression patterns using SAGE. RT-qPCR analysis of Zfp7 expression revealed relatively constant levels at all stages assessed, whereas Trim34 showed expression in the E18.5 thymus library as well as the adult spleen and thymus libraries. Unknown (MGC: 62947) was detected predominantly in the developing thymus libraries using both SAGE and RT-qPCR, whereas Riken 1810037B05 was detected at a very high level only in the adult spleen. cDNA sequence BC027373 and RIKEN 9230105E10 were detected at a similar level in all libraries by RT-qPCR and by SAGE, although cDNA sequence BC027373 was detected at a very low level by SAGE.
RT-qPCR analysis of the cell-type specificity and regulated expression of RIKEN 9230105E10 Although the analysis of our libraries revealed the expression of numerous interesting and potentially developmentally or immunologically significant transcripts, we focused our further work on RIKEN 9230105E10 that encodes a homolog of the primate HIV-1 restriction factor Trim5a, which has been shown to confer resistance to HIV-1 in Rhesus monkeys. 56, 57 Although expression of this transcript did not change during development, understanding its expression pattern is of considerable immunological relevance. Although previous data suggest that this gene is ubiquitously expressed, 58 the data are not convincing and immune cell types were not analyzed.
First, we assessed the expression of RIKEN 9230105E10 in various adult tissues and cell lines (Figure 2a and b) . Although its expression was detected in each of the samples analyzed, with the exception of the fibroblast cell line NIH3T3, far higher levels (410 times) were noted in samples with an increased concentration of immune cells, such as broncheolar lavage and peripheral blood mononuclear cells, and in several of the immune cell-like cell lines including the macrophage-like cell line WEHI-3 and the B-cell-like cell line K46. We next determined the expression pattern of RIKEN 9230105E10 in numerous purified immune cell types. RT-qPCR analysis revealed no significant differences in expression in the various cell types analyzed. However, expression in these cell types was substantially higher (410 times) compared to the levels found in primary tissues (Figure 2c ).
Although Trim5a has been shown to play a role in resistance to HIV-1, it is not known whether its expression is regulated at the transcriptional level. CpG activates signaling through TLR9, which is highly expressed on plasmacytoid DCs, as well as B cells, but not myeloid DC. 59, 60 LPS, on the other hand, signals through TLR4 that is expressed on various immune cells including macrophages, B cells and myeloid DC, but not plasmacytoid DC. [59] [60] [61] [62] [63] [64] Thus, we sought to determine if Trim5a expression is regulated by TLR activation in different cell types. FACS-sorted Flt-3L-derived B220 À myeloid and B220 þ plasmacytoid DC populations were stimulated with CpG, whereas phenol-purified LPS 65 was used to stimulate thioglycollate-induced peritoneal macrophages and primary spleen B cells. Interestingly, CpG stimulation resulted in a significant increase in Trim5a transcript levels, but only in the plasmacytoid population, which is consistent with the restricted expression of TLR9 to this population 59 ( Figure 3a) . The LPS-stimulated macrophages also exhibited an increase (two to threefold) in RIKEN 9230105E10 transcript levels (Figure 3b ). Of note, this increase in expression was not observed in the B cells.
Discussion
The molecular mechanisms regulating embryonic development of the mouse spleen and thymus, as well as associated immune cells, are poorly understood. We thus generated and analyzed six LongSAGE libraries -three from the spleen and three from the thymus -as a means to identify additional factors that may be critical to these processes. These libraries were created from unfractionated tissues, rather than specific subpopulations, making them a unique resource that is not restricted to the identification of factors involved in a specific process or cell type. Our bioinformatic analyses of these libraries showed that many (36%) mapped to uncharacterized transcripts, or to the genome in locations where transcripts have not previously been identified. This suggests that these libraries can identify and describe the expression patterns of relatively uncharacterized transcripts.
Our RT-qPCR experiments validated the expression profiles of 11 transcripts (seven transcription factors and four uncharacterized genes) and showed that our libraries are a useful tool for the accurate detection and quantification of transcripts. Of note, the expression of transcripts detected even at a single count in our SAGE data was always confirmed by our RT-qPCR analysis. However, deeper sequencing of these libraries would improve confidence in the expression of low abundance transcripts and provide a more robust detection of rare transcripts. 66 One of our main goals was to identify key regulators of developmental or immunological processes in the spleen or thymus, as well as genes highly expressed or specific to these tissues whose functional significance is not yet known. To achieve these objectives, we compared the two data sets to a meta-library composed of 115 other Mouse Atlas SAGE Libraries. This data set was chosen owing to the compatibility of the library types (all LongSAGE libraries), the comparable depth of sequencing of all of the libraries and the fact that the other libraries in this data set broadly represent numerous normal developing and adult tissues. We also isolated tags over-represented in the developing libraries as compared to the adult libraries in order to identify transcripts with roles specifically in the development of these tissues or immune cells. From each of these analyses, we identified known key transcriptional regulators of spleen, thymus and/ or immune cell development or function, validating our approach. More importantly, it suggests that the other transcriptional regulators identified may also be involved in these processes. Numerous uncharacterized transcripts were also identified from these comparisons.
We further analyzed the expression of one of the genes validated, RIKEN cDNA 9230105E10, owing to its homology to the primate HIV-1 restriction factor Trim5a. 56, 57 The expression of Trim5a has previously been described as ubiquitous, 58 although the authors note the Northern blot results were smeary. We, similarly, found expression of RIKEN cDNA 9230105E10 in all samples tested. However, its expression was elevated in tissues with higher levels of immune cells or in immune-cell-like cell lines. We thus tested purified immune cell populations for the expression of RIKEN cDNA 9230105E10. Far higher levels (410-fold) of expression were seen in these populations than were observed in the whole tissues, suggesting that the majority of expression seen in the tissue samples may be due to immune cell contamination. These data clearly show that expression of RIKEN cDNA 9230105E10 is elevated in immune cell populations, consistent with the role it plays in preventing HIV infection. Table 3 Summary of the SAGE tag counts for transcripts validated by RT-qPCR Refers to the mean counts in 115 Non-spleen/Thymus LongSAGE Libraries available at www.mouseatlas.org.
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Our results show that upregulation of RIKEN cDNA 9230105E10 expression can occur through both TLR4 and TLR9 signaling pathways in macrophages and plasmacytoid DC, respectively. The lack of LPS-induced upregulation in B cells suggests that this response may occur primarily in cells involved in innate immunity. Clearly, further studies are required to determine if these, or other, pathways regulate RIKEN cDNA 9230105E10 expression in various immune cell populations. Our work raises the interesting possibility that HIV-1 infection in primates may cause a TLR-induced upregulation of Trim5a. Experimental evidence will be required to validate this hypothesis and determine whether these alterations in transcript levels are important in mediating resistance to HIV-1 infection.
In conclusion, the libraries created and analyzed here are a useful resource for dissecting the signaling and transcriptional networks regulating the development of Figure 1 RT-qPCR validation of the expression of various uncharacterized genes and transcription factors during spleen and thymus development. The expression of (a) seven transcription factors and (b) five uncharacterized genes was determined by RT-qPCR in manually dissected spleen and thymus tissues, from E15.5 and E18.5embryos, as well as adult (84 dpn) mice. For the RT-qPCR reactions, b-actin was used as the control and the thymus adult sample as the reference. The data shown is an average of the results obtained from three separate replicate RTs, each with duplicate reactions. Error bars indicate the standard deviation of the three averaged replicates. lymphocytes, the spleen or the thymus. Our work further shows the regulated and cell-type specificity of expression of one of our identified candidates, a mouse homolog of Trim5a, which not only demonstrates the utility of our SAGE libraries but also suggests new mechanisms by which the body responds to HIV-1 infection.
Materials and methods

Generation of SAGE libraries
Embryos obtained from timed pregnant female C57Bl/6 mice were staged using Theiler criteria for the isolation of E15.5 and E16.5 spleen, as well as E15.5 and E18.5 thymus, tissues. Adult tissues were collected from 84-day post-natal C57Bl/6 mice. All tissues were manually dissected and placed immediately into RNAlater (Invitrogen). For the E15.5 spleen library, 25 spleens were pooled, whereas 10 were used for the E16.5 library. Twenty-five and 10 thymuses were used for the E15.5 and E18.5 thymus libraries, respectively. For the adult libraries, three spleens or three thymuses were pooled. Total RNA was extracted using Trizol (Invitrogen). RNA yields of 24, 72 and 18 mg were obtained from the E15.5, E16.5 and adult spleens, respectively, whereas 47, 22 and 50 mg were obtained from the E15.5, E18.5 and adult thymuses. RNA quality was assessed using a Bioanalyser (Agilent). Roughly, 10 mg of total RNA was used to construct each SAGE library. The I-SAGE long kit was used to make all libraries (Invitrogen). Ligations were transformed by electroporation and the resulting colonies picked and arrayed into a 384-well format using a QPix platform. Plasmid DNA was purified and sequenced using BigDye terminators (version 3) with sequencing products resolved using an ABI 3700 automated sequencer. Bioinformatic screening of the libraries for contamination, excess replicate ditags and sequence quality ensured that they were of high quality.
SAGE data analysis SAGE data was analyzed using DiscoverySpace (http:// www.bcgsc.ca/bioinfo/software/discoveryspace/). All SAGE libraries were generated by the Mouse Atlas of Gene Expression project (www.mouseatlas.com). They were filtered to remove ditags and also for sequence quality using a 95% quality cut off for all tags (these percentages refer to a quality measure based on the PHRED score 67 of the bases in the sequence). Tag to gene mapping was performed using the mouse Refseq, MGC and Ensembl databases using the CMOST plugin in DiscoverySpace. Tags were considered sense position matches if they mapped in the sense orientation to the gene, and antisense matches if they mapped in the opposite orientation. Tag 'position' was determined by sequentially numbering tags from the 3 0 most tag (position 1) onward (i.e. next 3 0 most tag would be position 2, and so on). A tag was considered unambiguous if it matched a single sense position gene in all of the databases, and ambiguous if it mapped to multiple genes in a sense position. Genes were considered overrepresented at Pp0.05 using Audic-Claverie statistics. 33 GO analysis of genes was performed using DiscoverySpace.
Quantitative real-time PCR RNA from each tissue or cell line was prepared using Trizol (Invitrogen). Primers were designed using Primer3 (http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www. cgiT) and spanned introns where possible. Amplicons were between 80 and 120 bp for efficient amplification. Primer efficiencies were determined using a dilution series of mixed embryonic spleen and thymus cDNA. Only primers pairs with an efficiency greater than 0.9 were used in subsequent analyses. The primers used are listed in Table 4 . An ABI 7500 real-time PCR system (Applied Biosystems) and SYBR s Green supermix (Applied Biosystems) were used for validations of the SAGE data, whereas an ABI 7900 real-time PCR system (Applied Biosystems) and SYBR s Green supermix (Marsh) were used for the quantification of RIKEN cDNA 9230105E10 expression. Triplicate cDNAs were obtained by RT of 1 mg of total RNA from newly isolated tissues. All reactions were carried out in duplicate using 10 ng of generated cDNA in each reaction. For validation of the SAGE data, samples were normalized to b-actin and the fold increase calculated using 2
ÀDDCT . 68 For quantification of RIKEN cDNA 9230105E10 in tissues and cell lines, samples were normalized to 18S rRNA, the absolute number was quantified and then expressed relative to the bronchial lavage sample.
Cell and tissue isolation, culture and FACS sorting Unless otherwise indicated, all reagents for cell isolation and culture were purchased from StemCell Technologies Incorporated (STI). Total bone marrow was flushed from the femurs and tibias of mice with Dulbecco's phosphate-buffered saline (PBS) containing 2% fetal bovine serum (FBS). Bone marrow cells were seeded at a density of 1.5 Â 10 6 total nucleated cells/ml in Petri-style culture dishes in medium consisting of (RPMI) supplemented with 10% FBS, 100 U/ml penicillin, 100 mg/ml streptomycin, 2 mM L-glutamine, 115 mM monothioglycerol (MTG; Sigma) and 150 ng/ml Flt-3L. DC cultures were maintained at 371C in a humidified incubator with 5% CO 2 and then stimulated by the addition of 5 mg/ml of CpG for the last 18 h of culture before sorting the DC into B220 À and B220 þ populations using a FACS-Vantage Flow Cytometer/Cell Sorter (Becton Dickinson). Six independent differentiations were performed and Table 4 Primer sequences used for RT-qPCR
RT-qPCR ¼ reverse transcription-quantitative polymerase chain reaction.
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NIH3T3 and MEL cells were maintained in DMEM (high glucose) supplemented with 10% fetal calf serum 5 mM L-glutamine and streptomycin-penicillin. Embryonic stem cells (ESC) were maintained on a layer of irradiated mouse embryo fibroblasts and fed daily with a complete change of ESC maintenance medium consisting of high glucose DMEM supplemented with 15% ESCtested FBS, 0.1 mM nonessential amino acids, 2 mM Lglutamine, 1000 U/ml LIF, 100 U/ml penicillin, 100 mg/ ml streptomycin and 100 mM MTG (Sigma). All other cell lines were maintained in RPMI-1640 supplemented with 10% fetal calf serum, 2 mM L-glutamine, 1 mM sodium pyruvate, 0.1 mM nonessential amino acids and streptomycin-penicillin. All cells were grown at 371C with 5% CO 2 .
Tissue RNA was harvested from PBS-perfused mice to reduce the level of blood cell contamination. RNA was isolated from eosinophils (95% purity) harvested by bronchial lavage of OVA-sensitized mice after day 5 of challenge. Peritoneal neutrophils were harvested 6 h after thioglycollate injection. Spleen CD4 þ and CD8 þ T cells were selected using MiniMacs (Miltenyi Biotec). Macrophages were harvested 3 days postperitoneal injection of thioglycollate and purified by plate adherence for 2 h. CD25À splenic T cells were isolated using Mouse T-cell Immunocolumns (Cedarlane Laboratories), according to the manufacturer's protocol, and stained with anti-CD25-biotin (clone 7D4; BD Biosciences Pharmingen), followed by streptavidin-PE. Cells were labeled with anti-PE microbeads (Miltenyi Biotech), and CD25 þ cells depleted following methods from the manufacturer (Miltenyi Biotech). The depletion of CD25 þ T cells was greater than 90%. T reg were purified from the spleens of donor mice, to 90-95% purity, using a previously described column-purification protocol. 69 In vitro differentiated mast cells were obtained by coculturing bone marrow with IL-3 and SCF for 8 weeks. Spleen B cells were purified from C57Bl/6 mice using a B-cell purification column (Accurate Chemical & Scientific Corp.) according to the manufacturer's instructions.
